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Description 

LOW PRESSURE LAMINATE GAS ASSIST 

MOLDING 

Background of Invention 

[0001] The present invention relates generally to plastic injection 
molding systems and more particularly to gas-assisted 
plastic injection molding systems and processes. 

[0002] There are numerous known systems for plastic injection 
molding. In conventional plastic injection molding sys- 
tems, plastic pellets are melted in an injection molding 
machine and advanced by a screw ram into a mold cavity. 
The mold cavity is formed between two mold halves (a 
stationary core member and a moveable cavity member) 
typically through one or more sprue bushings, a manifold 
and/or a hot runner system. 

[0003] The two halves of the mold are clamped together and the 
plastic is injected into the mold cavity. The molten plastic 
material in the cavity is allowed to cool and harden in the 
cavity, typically by a cooling system which circulates a 



cooling fluid through one or more of the mold members. 
When the part is sufficiently hardened, the mold is opened 
and the part removed, typically by use of one or more 
ejector pins. 

[0004] Some of the known systems utilize a gas in the injection 
molding process and are commonly known as "gas- 
assisted injection molding systems." In these systems, the 
gas is injected into the molten plastic material through 
the plastic injection nozzle itself or through one or more 
pin mechanisms strategically positioned in the mold, 
sprue bushings, manifolds, or hot runner systems. It is 
also possible to inject the gas directly into the molten 
plastic in the barrel of the injection molding machine. The 
gas, which typically is an inert gas, such as nitrogen, is in- 
jected under pressure and forms one or more hollow cavi- 
ties or channels in the molded part. The benefits of gas- 
assisted injection molding processes are well-known, and 
include the cost savings through the sue of less plastic 
material, producing parts which are lighter in weight, and 
producing parts which have better surface definitions and 
finishes. Also, the hollow parts have thinner wall members 
and thus cool in a faster manner, thereby increasing pro- 
duction output. 



[0005] Another plastic injection molding system which utilizes 

gas injects the gas into the mold cavity along one or more 
exterior surfaces of the molded part. The pressurized gas 
forces the plastic against the opposite surface or surfaces 
of the mold cavity and forms a part with superior surface 
characteristics on the appearance surfaces. On the non- 
appearance or "backside" of the part, this system and 
process typically leaves numerous visual defects. 

[0006] it j S a | so known to create a laminate product in which a 
piece of fabric or the like is positioned in the mold and 
the plastic material is injected or formed on the fabric. 
This process typically uses a structural foam as the plastic 
material. 

[0007] Although many of these plastic injection molding systems 
and processes operate satisfactorily and have produced 
commercially acceptable plastic injection molded parts 
and components, including laminate-type components, 
there is a need for improved systems and processes, par- 
ticularly those which can produce a superior product, a 
less costly product, or a product which can be manufac- 
tured in a faster and more efficient manner. 
Summary of Invention 

[0008] it is an object of the present invention to provide an im- 



proved plastic injection molding system and process for 
producing a laminate-type product. It is another object of 
the present invention to provide an improved "gas-as- 
sisted injection molding" system and process for produc- 
ing a laminate-type product. It is still another object of 
the present invention to provide an improved gas-assisted 
injection molding process and system for producing lami- 
nate-type products which reduces the number of bush- 
ings for large products and which minimizes or eliminates 
weld lines. 

[0009] it is a further object of the present invention to provide a 
gas-assisted injection molding system and process for 
producing laminate-type products which has less mold 
complexity and expense. 

[0010] | n accordance with the present invention, a mold is uti- 
lized in which a fabric or other laminate material is placed 
in the moving half of the mold, and the mold is closed 
leaving a small gap between the mold halves. A predeter- 
mined volume of molten plastic is injected into the mold 
cavity onto the backside of the laminate material. Gas is 
then injected into the molten plastic creating one or more 
internal voids and forcing the plastic material into all of 
the areas of the cavity. 



[0011] Thereafter, the mold is closed under controlled conditions 
for speed and pressure which causes an increase in the 
internal cavity pressure as the gas is compressed. Once 
the plastic material has cooled and is self-supporting, the 
gas is vented from the molded products. 

[0012] Finally, the mold is opened and the part is removed from 
the mold cavity. Preferably, one or more ejector pins are 
utilized to assist in removing the part from the mold. 

[0013] other embodiments, benefits and features of the present 
invention will become apparent from the following de- 
scription of the invention when viewed in accordance with 

the accompanying drawings and appended claims. 
Brief Description of Drawings 

[0014] FIGURE 1 is the schematic illustration of a preferred em- 
bodiment of the present invention. 

[0015] FIGURE 2 illustrates a step in a process in accordance with 
the present invention. 

[0016] FIGURE 3 illustrates another step in a process in accor- 
dance with the present invention. 

[0017] FIGURE 4 is a cross-section of the product shown in Fig- 
ure 3, the cross-section being taken along lines 4-4 in 
Figure 3. 

[0018] FIGURES 5 and 6 illustrate steps in another preferred em- 



bodiment of the present invention. 

[0019] FIGURE 7 is a flow diagram depicting a process in accor- 
dance with the present invention. 

[0020] FIGURE 8 is another flow diagram depicting a process in 

accordance with the present invention. 
Detailed Description 

[0021] The drawings herein illustrate the unique and inventive 
process and system for use of gas-assisted injection 
molding to produce laminate-type materials. A preferred 
embodiment of the present invention is shown in Figures 
1-4 and indicated generally by the reference numeral 10. 
The embodiment 10 includes a mold 12 which has a sta- 
tionary mold member 14 and a moveable mold member 
16. As commonly understood in the art, the stationary 
mold member is typically referred to as the "core" mold 
member while the moveable mold member is typically re- 
ferred to as the "cavity" mold member. 

[0022] a cavity 20 is formed in the mold 12 between the two 
mold members 14 and 16. The cavity 12 is formed and 
machined in the precise shape of the final plastic compo- 
nent or part to be manufactured. In this regard, the cavity 
12 shown in the drawings is merely exemplary of the 
many sizes, shapes, and types of mold cavities which can 



be utilized with the present invention. 
[0023] An injection molding machine (not shown) is positioned 
adjacent the mold 12 and includes a nozzle member or 
the like which is positioned in the recess 22 in the mold 
member 14. Typically, a bushing member (not shown) is 
positioned in the recess 22 and used to pass molten plas- 
tic material from the injection molding machine to the 
mold cavity. In accordance with conventional injection 
molding processes, molten plastic material is melted in 
the injection molding machine and then injected through 
the nozzle or bushing and into the mold cavity 20 in the 
mold 12. The plastic material is injected into the mold 
cavity 20 through an orifice or opening 24. In this regard, 
the orifice or opening 24 in which the plastic material is 
injected into the mold cavity 20, is positioned substan- 
tially in the center of the mold cavity. As shown in Figures 
2 and 3, the orifice 24 is positioned substantially at the 
intersection of center lines 26 and 28 of the mold 12. It is 
understood, of course, that the plastic material can be in- 
jected into the mold cavity from one or more other loca- 
tions. However, a centrally located plastic injection orifice 
or opening assists in uniformly and evenly distributing the 
plastic material throughout the mold cavity. 



[0024] a s shown in Figure 1, the mold cavity 20 has a shear edge 
30 which is positioned around the periphery of the mold 
cavity. The molding process utilized preferably is com- 
pression injection molding. The use of shear edges are 
known in the art and provide limit-type boundaries for the 
spread of the molten plastic material in the mold. 

[0025] Preferably, shut-off valve mechanism (not shown) is posi- 
tioned in the bushing or other member which is posi- 
tioned in the recess 22 in mold member 14. Any integral- 
type of mechanical shut-off valve which can be utilized 
with the present invention is shown in U.S. patent applica- 
tion Serial No. , filed on 

and entitled 

" " (LC 0145 PUS), the disclosure of 

which is hereby incorporated by reference herein. 
[0026] a fabric or other laminate-type material 32 is positioned 
in the mold cavity along the surface formed by the move- 
able mold member 16. In this regard, as shown in Figures 
2 and 3, the laminate-type material is provided in a size 
and shape which is larger than the size or dimensions of 
the mold cavity. Once the molded part is formed and re- 
moved from the mold, the edges of the molded product 
are trimmed as necessary. 



[0027] | n accordance with the present invention, the plastic ma- 
terial is injected into the mold cavity 20 on the back or 
non-appearance side of the laminate material 32. The two 
mold members 14 and 16 are positioned to leave a small 
gap between them. The precise dimension of the gap is 
predetermined in accordance with the size and shape of 
the part to be molded, as well as the types of plastic ma- 
terial and laminate utilized, and the temperature and 
pressure of the process. 

[0028] The plastic material which is injected into the mold cavity 
20 through orifice 24 spreads out in the mold in all direc- 
tions, but typically does not entirely fill the mold cavity. 
This is shown in Figure 2, where a gap 38 is typically left 
between the outer edges of the mold cavity 20 and the 
outer edges of the amount of plastic material 36 injected 
into the cavity. 

[0029] Once the plastic material has been injected into the mold 
cavity, pressurized gas is injected into the plastic material 
creating an internal void 40 in the plastic material. This is 
shown in Figure 3. The gas material can be any gas mate- 
rial commonly used in the gas-assisted injection molding 
industry, and preferably is an inert gas, such as nitrogen. 

[0030] The injection of the gas material into the mold cavity 20 



form a hollow void 40, as shown in Figure 3, and pushes 
the plastic material 36 into all of the corners and extremi- 
ties of the mold cavity 20. 

[0031] The gas is injected into the mold cavity through gas pin 
42 as shown in Figures 1-3. The gas pin can be of any 
conventional type and any number of gas pin assemblies 
can be utilized with the present invention. The type of gas 
pin assembly and number of assemblies utilized typically 
depends on the size and configuration of the mold cavity 
and the size and shape of the resulting part or component 
to be produced. 

[0032] £ as can b e injected into the mold cavity by any conven- 
tional gas control and gas assist mechanism and process. 
The gas can be provided through a gas storage system 
and regulated in pressure and duration by the controller 
mechanism. 

[0033] a schematic illustration of a laminate-type plastic article 
produced in accordance with the process described above 
is shown in Figure 4. The molded part, only a portion of 
which is shown, includes a laminate material 32 on one 
surface with plastic material 36 molded and bonded to it. 
The gas produces a hollow chamber or cavity 40 in the 
molded part. Typically, an opening, such as channel 52 is 



provided in the molded product in order to provide an exit 
or vent hole for venting of the gas from the molded com- 
ponent. 

[0034] | n this regard, once gas is injected into the molten plastic 
material, creating internal void 40, the mold is closed un- 
der controlled conditions for speed and pressure. This 
causes a sharp increase in the internal cavity pressure as 
the gas is compressed. Thereafter, once the molded plas- 
tic part is self-supporting, the gas is vented from the 
molded component, such as through opening 52. The gas 
can also be vented, however, through a gas pin member 
42, or in any other conventional manner. 

[0035] Once the gas is vented or exhausted from the molded 

part, the mold 12 is opened by a movement of the move- 
able mold portion 16. Thereafter, the completed part 50 is 
removed from the mold cavity, particularly by the use of 
one or more ejector pins (not shown). 

[0036] After the part 50 is molded, it is transferred to other work 
sites or work stations for further processing, including 
trimming and the like. At the same time, another piece of 
fabric or laminate-type material is positioned within the 
mold 12, and the cycle is repeated. 

[0037] a flow diagram schematically depicting the present inven- 



tive process and system is shown in Figure 7. In the pro- 
cess, fabric or laminate is first placed in the moving half 
of the mold covering the cavity or a predesignated area in 
the mold cavity. This is shown in Box 60. Then, the mold 
is closed to its preset position providing a mold gap. This 
is shown in Box 62. In this manner, the process provides 
low pressure laminate molding. Thereafter, molten plastic 
material or polymer is injected into the mold cavity 
against the laminate material to a predetermined volume. 
This is shown in Box 64. The volume can be less than the 
amount necessary to fill the mold cavity, although it could 
be sufficient to entirely fill the mold cavity. 
[0038] Thereafter, gas is injected into the molten polymer mate- 
rial, creating an internal void 40 and forcing the polymer 
36 into any non-filled areas of the cavity. This is shown in 
Box 66. The mold is then closed under controlled condi- 
tions for speed and pressure, as shown in Box 68. This 
causes a sharp increase in the internal cavity as the gas is 
compressed. Once the plastic part or product has suffi- 
ciently solidified, gas is vented from the molded compo- 
nent, as shown in Box 70. Finally, the mold is opened and 
the part is removed from the mold cavity. This is shown in 
Box 72. 



[0039] a basic form of the inventive method or process is shown 
in Figure 8. As a first step in the process (Step 80), the 
laminate is placed in the mold. Then, as shown in Step 82, 
the mold is closed to its pre-set gap position. The plastic 
is then injected into the mold cavity, as shown in Step 84. 
The gas is then injected into the plastic material, as 
shown in Step 86. Thereafter, the mold is closed, com- 
pressing the gas in the plastic part and integrally bonding 
the plastic material to the laminate material. This is shown 
in Step 88. Once the plastic has cooled, as shown in Step 
90, the gas is vented from the molded component as 
shown in step 92. Finally, the mold is opened and the part 
removed, as shown in Step 94. 

[0040] An alternate embodiment 100 of the present invention is 
shown in Figures 5 and 6. In this embodiment 100, the 
mold 112 consists of two mold members, similar to the 
mold members 14 and 16 described above. A cavity 120 
is formed in the mold 112 and a fabric or laminate-type 
material 130 is positioned in the moveable mold member. 

[0041] Thereafter, plastic is injected into the mold cavity 120 

through orifice or opening 124. Again, similar to the situ- 
ation with regard to opening 24 described above, the 
opening 124 in the embodiment shown in Figures 5 and 6 



is preferably positioned substantially in the center of the 
mold 112. 

[0042] a quantity of plastic material 136 is injected into the mold 
cavity onto the laminate material 130. This is shown in 
Figure 5. Preferably, a gap 138 is left between the plastic 
material injected into the cavity 120 and the outer edges 
or extremities of the mold cavity 120. 

[0043] Thereafter, gas is injected into the plastic material 

through a plurality of gas pin members 142. The injected 
gas forms a number of hollow portions or voids 140 in the 
plastic material 136. At the same time, the pressure of the 
gas forces the plastic material 136 to completely fill out 
the mold cavity and all of its corners, angles and extremi- 
ties. This is shown in Figure 6. 

[0044] Thereafter, the remainder of the process for the embodi- 
ment shown in Figures 5 and 6, is the same as the em- 
bodiment described above with reference to Figures 1-4. 
As a first step, the mold is closed under controlled condi- 
tions, which increases the internal cavity pressure as the 
injected gas is compressed. Thereafter, after the plastic 
material has sufficiently solidified, the gas is vented from 
the mold component and the mold is opened so that the 
part can be removed. 



[0045] The present invention provides increased design flexibility 
with regard to intersecting wall thickness ratios with low 
pressure molding applications. Also, the complexity and 
cost of the mold for producing laminate-type materials is 
reduced. The use of gas-injection techniques for lami- 
nate-type products allows increased thickness of the 
products without sink marks. The gas assist process also 
produces the internal voids or chambers which reduce the 
shrinkage in the thicker areas of the molded plastic com- 
ponent. 

[0046] | n addition, the present invention allows greater design 
flexibility for part geometries. The invention also allows 
for greater design flexibility in the backside features since 
visual defects on the backside of the part are reduced or 
eliminated. The invention also reduces the design con- 
straints that are applicable with known processes in which 
the backside of the products are not made for being 
viewed. 

[0047] The present invention also reduces the number of drops 
needed in manifold system by increasing the flow length 
of the plastic material without increasing the pressure. 
This also eliminates or reduces weld lines in the final 
molded parts. 



[0048] while various embodiments of the invention have been 
shown and described, numerous variations and alternate 
embodiments will occur to those skilled in the art. Ac- 
cordingly, it is intended that the invention be limited only 
in terms of the appended claims. 



